PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 6 : 
A63B 37/08, 37A12, B32B 27/02 



Al 



(11) International Publication Number: WO 96/40382 

(43) International Publication Date: 19 December 1996 (19.12.96) 



(21) International Application Number: PCT/US96/08775 

(22) International Filing Date: 5 June 1996 (05.06.96) 



(30) Priority Data: 
482,514 



7 June 1995 (07.06.95) 



US 



(71) Applicant: ACUSHNET COMPANY [US/US]; 333 Bridge 

Street, Faimaven, MA 02719 (US). 

(72) Inventors: HARRIS, Kevin, M.; 65 Ryan Street, New Bedford, 

MA 02740 (US). RAJAGOPALAN, Murali; 11 Flagship 
Drive, South Dartmouth, MA 02748 (US). 

(74) Agents: WEILD, David, HI et al.; Permie A Edmonds, 1155 
Avenue of the Americas, New York, NY 10036 (US). 



(81) Designated States: AU, CA, GB, JP, NZ, European patent (AT 
BE, CH, DE, DK, ES, H, FR, GB, GR, IE, IT, LU, MC 
NL.PT.SE). 



Published 

With international search report 



(54) Title: GOLF BALL INCORPORATING METALLOCENE POLYMER BLENDS 
(57) Abstract 

The disclosed invention provides novel golf ball compositions which contain olefinic based ionomers and non-ionic otefinic copolymers 
V^acedbyuse of metallocene catalysts. Tnese compositions exhibit improved inechanical properties such as tensile and flexural^roperties, 
^ ^Jf*™? " unfoamcd ' C5df balls that employ at least one layer of these blends in any of the golf ball cover, core, or a mantle 
situated between the cover and the core provide ball properties and performance similar to and in some cases better than the state of the art 
lonomer based golf balls. 







FOR THE PURPOSES OF INFORMATION ONLY 




appti 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
cations under the PCT. 


AM 
AT 


Armenia 
Austria 


GB 


United Kingdom 


MW 


Malawi 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 
Barbados 


GN 


Guinea 


NB 


Niger 

Netncrfawb 


BB 
BE 


GR 


Greece 


NL 


Belgium 
Burkina hso 


HU 


Hungary 


NO 


Norway 




IE 


Ireland 


NZ 


New Zealand 
tmano 


BG 


Bulgaria 


IT 


Italy 
Japan 


PL 


BJ 


Bemn 


JP 


PT 


mrmgaj 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Bdaras 


KG 


Kyigystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democradc People's Republic 


SD 
SB 


Sudan 


CF 


Central African Republic 




of Korea 


Sweden 
Singapore 


CC 


Congo 


KR 


Republic of Korea 
y aj ak nti ki\ 


SG 


CH 




KZ 


9 


Slovenia 


a 


Cdted'Noire 


U 




SK 


Slovakia 
Senegal 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Chechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 
Tajikistan 


DE 
DK 
EE 


Germany 


LV 


Latvia 


TJ 


Denmark 


MC 


Monaco 


TT 


"Trinidad and Tobago 




MD 


Republic of Moldova 


UA 


Ukraine 


BS 

n 


Spain 


MG 


Madagascar 


UG 


Uganda 


Finland 
France 


ML 


Mali 


US 


United States of America 


FR 


MN 


Mongolia 


UZ 


Uzbekistan 


6A 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO9fi/40M2 PCT/US96/08775 
OOLF BALL INCORPORATING KBTALLOCBNB POLYMER BLENDS 

This application is a continuation-in-part of U.S. 
application Serial No. 08/482,514, filed on June 7, 1995, 
5 which is a continuation-in-part of U.S. application Serial 
No. 08/377,553 filed January 24, 1995 (now abandoned). 

FIELD OF SHE INVENTION 

The present invention relates to golf balls and, in 
10 particular, to golf balls having at least one layer 

comprising at least one polyolefin polymer produced using a 
single-site metallocene catalyst in the polymerization 
process. The metallocene polymer may be mixed with an 
ionomer to form a blend, and may be foamed or unfoamed. The 
15 layer may be located in any of the cover or core of the ball 
or in a mantle layer located between the cover and the core. 

BACKGROUND OF THE INVENTION 

Three-piece, wound golf balls with balata covers 

20 are preferred by most expert golfers. These balls provide a 
combination of distance, high spin rate, and control that is 
not available with other types of golf balls. However, 
balata is easily damaged in normal play, and, thus, lacks the 
durability required by the average golfer. 

25 ln contrast, amateur golfers typically prefer a 

solid, two-piece ball with an ionomer cover, which provides a 
combination of distance and durability. Because of the hard 
ionomer cover, these balls are almost impossible to cut, but 
also have a very hard "feel", which may golfers find 

30 unacceptable, and a lower spin rate, making these balls more 
difficult to draw or fade. The differences in the spin rate 
can be attributed to the differences in the composition and 
construction of both the cover and the core. 

Many attempts have been made to produce a golf ball 

35 with the control and feel of a wound balata ball and the 
durability of a solid, two-piece ball, but none have 
succeeded totally. For example, U.S. Patent No. 4,274,637 to 
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Molitor discloses two- and three-piece golf balls having 
covers completely or partially formed from a cellular 
polymeric material to improve backspin, but does not provide 
any examples that compare the spin rates of the disclosed 
5 golf balls with those of prior art balls. 

U.S. Patent No. 5,002,281 to Nakahara et al. 
discloses a three-piece solid golf ball having an ionomer 
cover and a solid core consisting of a soft inner core and a 
hard outer shell, where the difference in the hardness of the 
10 two parts of the core is at least 10 on the Jis-c scale. 

Similarly, U.S. Patent Ho. 4,781,383 discloses a 
solid, three-piece golf ball, having an ionomer cover and a 
core with inner and outer layers, where the inner layer has a 
diameter of 24 to 29 mm and a Shore D hardness of 15 to 30 
15 and the outer layer has a diameter of 36 to 41 and a Shored 
hardness of 55 to 65. The percentage of the ball surface 
which contacts the club face when the ball is struck is 27 to 
35 %. 

European Patent Application 0 633 043 discloses a 
20 solid, three-piece golf ball with an ionomer or balata cover, 
a center core, and an intermediate layer. The center core 
has a diameter of at least 29 mm and a specific gravity of 
less than 1.4. The intermediate layer has a thickness of at 
least 1 mm, a specific gravity of less than 1.2, and a 
25 hardness of at least 85 on the JIS-C scale. 

copending application no. 08/482,518 employs 
compressible materials, i.e., gases, in the core of a solid 
construction golf ball to simulate the effects of trapped air 
in a wound ball. 

30 None of these disclosures utilizes the unique 

physical properties of metallocene polymers, i.e., polymers 
produced using single-site metallocene catalysts, which 
produce polymers with a narrow molecular weight distribution 
and uniform molecular architecture. That is, metallocene 

35 catalysts provide polymers in which the order and orientation 
of the monomers in the polymer, and the amount and type of 
branching is essentially the same in each polymer chain. 
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The narrow molecular weight distribution and 
uniform molecular architecture provides metallocene polymers 
with properties that are not available with conventional 
polymers, and allow polymers to be produced having unique 
5 properties that are specifically tailored to a particular 
application. The desired molecular weight distribution and 
the molecular architecture are obtained by the selection of 
the appropriate metallocene catalyst and polymerization 
conditions. Moreover, foamed polyolefin metallocene 
10 polymers, which can be thermoformed, and provide the physical 
properties of rubber with the fabrication ease of 
polyethylene, recently became available commercially. There 
is no known prior art disclosure of the use of metallocene 
polymers in golf balls. 
15 In addition, while different blend combinations of 

species of one variety of polymer, such as ionomers, have 
been successfully used in the prior art, different polymers, 
such as ionomers and balata or other non-ionic polymers have 
not been successfully blended for use in golf ball covers. 
20 In general, prior art blends of polymer components are 
immiscible or incompatible unless strong interactions are 
present between the polymer components in the mixture, such 
as those observed between ionomers and polymers containing 
car boxy lie acid groups. In particular, this lack of 
25 compatibility exists when an ionomer is blended with a 
polyolefin homopolymer, copolymer, or terpolymer that does 
not contain ionic, acidic, basic, or other polar pendant 
groups, and is not produced with a metallocene catalyst. 
These mixtures often have poor tensile strength, impact 
30 strength, and the like. Hence, the golf balls produced from 
these incompatible mixtures will have inferior golf ball 
properties such as poor durability, cut resistance, and so 



on. 



In this regard, U.S. Patent No. 5,397,840 discloses 
35 golf ball covers including a blend of "ionic copolymers* and 
"non-ionic copolymers". However, the "ionic copolymers" are 
defined as copolymers of an cr-olef in and a metal salt of an 
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<*0-unsaturated carboxyiic acid, and the "non-ionic 
copolymers- are copolymers or terpolymers containing ethylene 
or propylene and acrylic or methacrylic acid monomers. 
Therefore, strong interactions exist between the metal salts 
5 of the "ionic copolymers" and the acrylic or methacrylic acid 
monomers of the "non-ionic copolymers" that allow compatible 
blends to be formed. These interactions do not exist in 
prior art blends of ionomers and polymers that are truly 
non-ionic or nonpolar, in particular, those polymers produced 
10 with a process that does not involve the use of a metallocene 
catalyst. 

Therefore, there is a need in the golf ball art for 
a golf ball incorporating metallocene polymers and blends of 
metallocene polymers and other polymers, such as ionomers, 
15 and in particular, foamed metallocene polymers in golf balls. 
The inclusion of foamed and unfoamed metallocene polymers and 
metallocene polymer blends will allow highly durable golf 
balls to be produced with virtually any combination of feel 
and spin rate. 



20 



SUMMARY OF THE INVENTION 

The present invention relates to golf balls, and, 
in particular, to golf balls having at least one layer formed 
of a metallocene polymer blend, comprising from about l to 

25 about 100 phr of at least one metallocene polymer and from 
about 99 to 0 phr of at least one ionomer. The layer may 
form at least a portion of any of the cover, core or mantle 
of the golf ball, where the mantle is situated between the 
cover and the core. Any of the core, cover, and mantle of 

30 the golf balls of the invention can be formed of one layer or 
a plurality of layers, as that term is defined herein. In 
the preferred embodiment, the layer has a foamed structure. 
Generally, the metallocene polymer has a flexural modulus of 
from about 500 psi to 200,000 psi, and the ionomer has a 

35 flexural modulus of from about 50 psi to about 150,000 psi. 
For a metallocene polymer blend having a foamed structure. 
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the preferred flexural modulus ranges from about 1000 to 
150,000 psi. 

For golf ball covers having a layer of metallocene 
polymer blend with a foamed structure, the layer preferably 
5 has a Shore D hardness 6f from about 15 to about 80 and a 
thickness of from about 0.005 to 0.125 inch. 

Generally, for golf ball cores having a layer of 
metallocene polymer blend with a foamed structure, the layer 
generally has a Shore D hardness of from about 15 to about 80 

10 and a thickness of from about 0^005 to 0.125 inch. -The core 
preferably has a diameter of from about 1 to 1.63 inch. 
Where the metallocene polymer blend layer is situated in an 
outer portion of the core, the core may comprises a liquid 
center or a solid polymeric center. 

15 For 9°lf balls comprising a cover and a core and a 

mantle situated between the cover and the core, where the 
mantle has a layer of metallocene polymer blend layer with a 
foamed structure, the layer preferably has a Shore D hardness 
of from about 15 to about 80 and a thickness of from about 

20 0.005 to 0.125 inch. Cores in golf balls according to the 
invention for use with mantles may comprise a liquid or solid 
center wrapped in elastomer ic windings. Preferably, in golf 
balls with such mantles, the core has a diameter of from 
about l to 1.63 inch and the cover has a thickness of from 

25 about 0.005 to 0.125 inch. 

Preferably, the metallocene polymer is polyethylene 
or a copolymers of ethylene with butene, hexene, octene, or 
norbornene. Pendant groups may be also added to metallocene 
polymers by post-polymerization reactions to modify physical 

30 or chemical properties of the polymer. Metallocene polymers 
useful with the golf balls of the invention include 
metallocene polymers of the formula: 



35 
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wherein 

Ri is hydrogen; 
10 R, is hydrogen or lower alkyl selected from the group 

consisting of CH 3 , Cft, C&,, C^H,, and CjH,,; 

Rj is hydrogen or lower alkyl selected from the group 

consisting of CH„ C# it c^, c 4 H,, and C# u ; 

R. is selected from the group consisting of H, CH 3 , cyj,, 
15 QA ' C ** u ' CAs* Wn. CjH,,, CoHj,, and phenyl, in which ' 

from 0 to 5 H within R, can be replaced by substituents 

selected from the group consisting of COOH, SO3H, NHj, F, CI, 

Br, I, OH, SH, silicone, lower alJcyl esters and lower alkyl' 

ethers, with the proviso that R3 and R, can be combined to 
20 form a bicyclic ring; 

R, is hydrogen, lower alkyl including C.-C,, carbocyclic, 

aromatic or heterocyclic; 

R« is hydrogen, lower alkyl including C.-C,, carbocyclic, 
aromatic or heterocyclic; and 

25 wherein x ranges from 99 to 50 weight per cent of the 

polymer, y ranges from 1 to 50 weight per cent of the polymer 
and z ranges from 0 to 49 weight per cent of the polymer. 

The use of foamed metallocene polymer also allows 
the golf ball designer to adjust the density or mass 

30 distribution of the ball to adjust the angular moment of 
inertia, and, thus, the spin rate and performance of the 
ball. Foamed materials also offer a potential cost savings 
due to the reduced use of polymeric material. Where at least 

^ a portion of the core is formed from a foamed metallocene 
polymer blend, a density increasing filler material can be 
added to the cover or the mantle to distribute the mass of 
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the ball towards the outer surface and increase the angular 
moment of inertia. Similarly, where the layer forms at least 
a portion of the cover, the density increasing filler 
material can be added to the core to decrease the angular 
5 moment of inertia. Alternatively, where the layer forms at 
least a portion of the mantle, a density increasing filler 
material can be added to either the cover or the core. 

Preferably, a golf ball according to the invention 
comprises a cover and a core and a mantle situated between 

10 the cover and the core, wherein at least one of the cover, 
the core, and the mantle comprises at least one layer 
comprising a metallocene polymer blend, and the metallocene 
polymer blend comprises from about 1 to about 100 phr of at 
least one metallocene polymer, such as those described above, 

15 and from about 99 to 0 phr of at least one ionomer. Most 
preferably, the layer has a foamed structure, and the layer 
forms at least a portion of the mantle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a cross-sectional view of a two-piece 

golf ball according to the invention with a one-piece core. 

Fig. 2 is a cross-sectional view of a two-piece 

golf ball according to the invention incorporating a 

multi-layer core. 
25 Fi 9* 3 is a cross-sectional view of a golf ball 

according to the invention incorporating a mantle layer 

between the cover and the core. 



DETAILED DESCRIPTION OF TEE INVENTION 

30 As used herein, the terra M metallocene polymer 11 

includes any polymer, copolymer, or terpolymer, and, in 
particular, any polyolefin, formed using a metallocene 
catalyst. The term "metallocene polymer blend" includes 
polymer blends in which the portion of metallocene polymer 

35 can range from about 1 to 100 phr (parts per hundred) , based 
on 100 parts polymer in the blend. In addition, the term 
" layer " includes any generally spherical portion of a golf 
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ball or golf ball core, center, or mantle, including 
one-piece cores and one-piece balls, a mantle is defined 
herein as a portion of the golf ball that occupies the volume 
between the cover and the core. Of course, as one of 
5 ordinary skill in the art would recognize, any of the core 
cover, and mantle of the golf balls of the invention can be 
formed of one layer or a plurality of layers, as that term is 
defined herein. 

The present invention relates to golf balls 
10 including at least one layer comprising one or more 

metallocene polymers, which may be blended with at least one 
ionomer. The metallocene polymer blends of the invention 
typically comprise a compatible blend of about 1 to 100 phr 
of at least one metallocene polymer and about 99 to o phr of 
15 at least one ionomer. The blends may be foamed during 
molding by any conventional foaming or blowing agent, in 
addition, foamed metallocene polymers may be thermoformed, 
and, thus can be compression molded. Therefore, either 
injection molding or compression molding may be used to form 
20 a layer of foamed metallocene polymer in the cover, core, or 
mantle of a golf ball according to the invention. 
Metallocene polymers and metallocene polymer blends are 
resilient, easily processed materials that are less expensive 
than ionomers, and allow highly durable golf balls to be 
25 produced with virtually any combination of feel and spin 
rate. 

Golf balls according to the invention may 
incorporate cores comprising metallocene polymer blends or 
conventional materials. Metallocene polymer blend cores may 

30 be either one-piece, comprising a single piece of foamed or 
unfoamed metallocene polymer blend, or multi-piece, 
comprising a liquid or solid core or center and one or more 
layers in which any of the center or the layers may comprise 
a foamed or unfoamed metallocene polymer blend. 

35 Por example. Pig. l illustrates a golf ball 

according to the invention with a one-piece core. Golf ball 
1 comprises a core 2 and a cover 3, wherein either of core 2 
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or cover 3 incorporates at least one layer comprising a 
foamed or unfoamed metallocene blend. 

to «. < Sia * larly < Fi *- 2 illustrates a golf ball according 
to the invention incorporating a multi-piece core. Golf bail 
5 10 comprises a cover 12., a core having a center 14 and at 
least one additional core layer 16. Any of the cover 12 
center 14, or core layer 16 may incorporate at least one' 
layer of a foamed or unfoamed metallocene blend. 

Conventional materials useful in centers, cores or 
10 core layers of the golf balls of the invention include, but 
are not limited to, compositions having a base rubber a 
crosslinking agent, and a filler. The base rubber typically 
includes natural or synthetic rubbers. A preferred base 
rubber is 1,4-polybutadiene having a cis-structure of at 
15 least 40 %. Natural rubber, polyisoprene rubber and/or 
styrene-butadiene rubber may be optionally added to the 
1,4-polybutadiene. Crosslinking agents include metal salts 
of unsaturated fatty acids, such- as zinc or magnesium salts 
acrylic or methacrylic acid. The filler typically includes 
20 materials such as zinc oxide, barium sulfate, silica, calcium 
carbonate, zinc carbonate and the like. Golf balls of the 
invention may also have conventional wound cores. 

Golf balls of the invention may also include a 
mantle layer, preferably comprising a least one layer of a 
25 foamed or unfoamed metallocene polymer blend, situated 

between the cover and the core, a golf ball incorporating a 
mantle layer is illustrated in Fig. 3, which depicts golf 
ball 20, having cover 23, core 24, and a mantle layer 25 
situated between the cover and the core. Any of cover 23 
30 core 24, and mantle layer 25 may incorporate at least on ' 
layer of a foamed or unfoamed metallocene blend. Moreover, 
core 24 may be a one-piece core, a multi-layer core, or a ' 
wound core. 

Golf balls according to the invention may 
35 incorporate cover layers comprising foamed or unfoamed 
metallocene polymer blends or conventional materials, 
including balata and ionomer cover stock. Metallocene 



- 9 - 



WO 96/40382 PCI7US96/08775 
polymer blend cover layers according to the invention may be 
used with conventional solid or wound cores, as well as those 
comprising metallocene polymer blends. 

The narrow molecular weight distributions of 
5 metallocene polymers provide more uniform compositions and 
improved tensile properties when compared to polyolefins 
polymerized with conventional catalysts, when a layer of 
foamed metallocene polymer blend is used in a golf ball cover 
or mantle, the ball has a softer feel than balls using hard a 
10 ionomer, and is more deformable. The increased deformation 
of the cover and outer layers of the ball provides improved 
control due to the increased -bite- on the clubface when the 
ball is struck, which prevents or reduces sliding of the ball 
up the clubface, and allows more energy to be imparted 
15 directly to the core at impact, providing a greater initial 
velocity. The improved control and feel are similar to those 
obtained using a soft balata cover without the decrease in 
durability that is typically associated with balata. 

The use of foamed metallocene polymer also allows 
20 the golf ball designer to adjust the density or mass 
distribution of the ball to adjust the angular moment of 
inertia, and, thus, the spin rate and performance of the 
ball. Foamed materials also offer a potential cost savings 
due to the reduced use of polymeric material. 
25 Metallocene polymers useful in the golf balls of 

the invention are available commercially, and can be 
subjected to post-polymerization reactions to provide 
metallocene polymers with various pendant groups. Examples 
of metallocene polymers useful in the invention include, but 
30 are not limited to homopolymers of ethylene and copolymers of 
ethylene and a second olefin, preferably, propylene, butene, 
hexene, octene, and norbornene. Generally, the invention 
includes golf balls having at least one layer comprising a 
blend that includes at least one metallocene polymer having 
35 the formula: 
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wherein 

R, is hydrogen, branched or straight chain alkyl 
10 such as methyl, ethyl, propyl, butyl, pentyl, hexyl„ heptyl 
and octyl, carbocyclic, aromatic or heterocyclic; 

R 2 is hydrogen, lower alkyl including c,-c 5 . 
carbocyclic, aromatic or heterocyclic 

R 3 is hydrogen, lower alkyl including c,-c„ 
15 carbocyclic, aromatic or heterocyclic; 

R4 is selected from the group consisting of H, 
<VW where n = 1 to 18, and phenyl, in which from 0 to 5 h 
within R, can be replaced by substituents selected from the 
group consisting of COOH, S0,H, iffl,, f, CI, Br, 1, oh, sh, 
silicone, lower alkyl esters and lower alkyl ethers, with the 
proviso that R, and R, can be combined to form a bicyclic 
ring; 

R5 is hydrogen, lower alkyl including c,-Cj, 
carbocyclic, aromatic or heterocyclic; 

Re is hydrogen, lower alkyl including C t -Cj, 
carbocyclic, aromatic or heterocyclic; and 

wherein x, y and z are the relative percentages of 
each co-monomer. The number x can range from 1-99 percent or 
more preferably from 10-70 percent and most preferred, from 
about 10-50 percent. The number y can be from 99-1 percent 
preferably, from 90-30 percent, or most preferably, 90-50 
percent. The number z can range from 0 to 49 percent. 

In the preferred metallocene copolymer, R, is 
^ hydrogen or lower alkenyl, R, is hydrogen or alkyl, including 
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carbon chains having from 1 to 10 carbon atoms, R, is hydrogen 
or lower alkyl or alkenyl such as carbon chains having 1-10 
carbon atoms, and * is a lower alkyl group having from 1-10 
carbon atoms. For terpolymers, where z is not zero, R, is 
5 preferably hydrogen or aower alkyl or alkenyl such as carbon 
chains having 1-10 carbon atoms, and ft, is a lower alkyl group 
having from l-io carbon atoms, m the most preferred 
copolymer, R, and R, are hydrogen, R, is hydrogen, methyl 
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, and R. 
" xs a straight carbon chain having 6 carbon atoms. For 
terpolymers, R, is most preferably hydrogen, methyl, ethyl 
propyl, butyl, pentyl, hexyl, heptyl or octyl, and R, is a' 
straight carbon chain having 6 carbon atoms. 

The subject metallocene copolymers can be random or 
block copolymers. Additionally, the subject metallocene 
polymers may be isotactic, syndotactic or atactic. The 
pendant groups creating the isotactic, syndotactic or atactic 
polymers are chosen to determine the interactions between the 
different polymer chains making up the resin to control the 
0 final properties of the resins used in golf ball covers. 

As used herein, the phrase branched or straight 
chain alkyl means any substituted or unsubstituted acyclic 
carbon-containing compounds, including alkanes, alkenes and 
alkynes. Examples of alkyl groups include lower alkyl for 
25 example, methyl, ethyl, n-propyl, iso-propyl, n-butyl, ' 
iso-butyl or tert-butyl; upper alkyl, for example, ortyl, 
nonyl, decyl, and the like; and lower alkylene, for example, 
ethylene, propylene, propyldiene, butylene, butyldiene, 
pentene, hexene, heptene, octene, norbornene, nonene, decene 
and the like. The ordinary skilled artisan is familiar with 
numerous linear and branched alkyl groups, which are within 
the scope of the present invention. 

In addition, such alkyl groups may also contain 
various substituents in which one or more hydrogen atoms has 

3d 



- 12 - 



WO 96/40382 PCT/US96/08775 

been replaced by a functional group. Functional groups 
include, but are not limited to hydroxyl, amino, carboxyl 
sulfonic amide, ester, ether, phosphates, thiol, nitro, 
sxlane and halogen (fluorine, chlorine, bromine and iodine) 
5 to mention but a few. ' 

As used herein, substituted and unsubstituted 
carbocyclic means cyclic carbon-containing compounds, 
including, but not limited to cyclopentyl, cyclohexyl 
cycloheptyl, adamantyl, and the like. Such cyclic groups may 
10 also contain various substituents in which one or more 

hydrogen atoms has been replaced by afunctional group. Such 
functional groups include those described above, and lower 
alkyl groups having from 1-28 carbon atoms. The cyclic 
groups of the invention may further comprise a heteroatom. 
15 For example, in a specific embodiment, R, is cyclohexanol. 

As used herein, substituted and unsubstituted aryl 
groups means a hydrocarbon ring bearing a system of 
conjugated double bonds, typically comprising 4n + 2 n (pi) 
ring electrons, where n is an integer. Examples of aryl 
20 groups include, but are not limited to phenyl, naphthyl, 
anisyl, toluyl, xylenyl and the like. According to the 
present invention, aryl also includes heteroaryl groups, 
e.g., pyrimidine or thiophene. These aryl groups may also be 
substituted with any number of a variety of functional 
25 groups, m addition to the functional groups described above 
in connection with substituted alkyl groups and carbocyclic 
groups, functional groups on the aryl groups can include 
nitro groups. 

As mentioned above, R, and R, can also represent any 
30 combination of alkyl, carbocyclic or aryl groups, for 
example, 1-cyclohexylpropyl, benzyl cyclohexylmethyl, 
2-cyclohexylpropyl , 2,2 -methylcyclohexylpropyl , 
2 , 2-methylphenylpropyl, 2 , 2-methylphenylbutyl. 

The metallocene copolymers useful in the present 
35 invention are commercially available under the trade name 
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AFFINITY, polyolef in plastomers and ENGAGE* polyolef in 
elastomers by Dow Plastics Company, other commercially 
available metallocene polymers can be used such as Exxo„.s 
Exact, and Dow's Insight, line of resins which have superior 

Ti ltl 1 ? ^ Clarlty aS M »» Exact. aL 

Insight, line of polymers also have novel rheological 

behavior in addition to their other properties as a result of 
using a metallocene catalyst technology. Metallocene 
polymers are also available from Sentinel Products 
10 Corporation of Hyannis, Massachusetts, as foamed sheets for 
compression molding and in unf oamed palletized form suitable 
for injection molding. The foamed metallocene polymers 
sheets are available in thicknesses ranging from about 0.027 
to 0.625 inches (0.069 to 0.159 cm), closed cell bun stock 
15 is also available in thicknesses of up to 4 inches (io. 2 cm). 
The metallocene polymer blend golf ball 
compositions of the present invention comprise compatible 
blends of at least one metallocene polymer and at least one 
xonomer that are formed using blending methods well known in 
20 the art. m particular, the metallocene polymer blends 
comprise compatible blends of metallocene polymers and 
ionomers, such as ethylene methacrylic acid ionomers, and 
ethylene acrylic acid ionomers, and their terpolymers, sold 
commercially under the trade names SURLYN® and IOTEK. by 
25 DuPont and Exxon respectively. The metallocene polymer 
blends useful in the golf balls of the invention can also 
include other polymers, such as poly(ethylethylene) , 
poly(heptylethylene) , poly (hexyldecylethy lene) , 
poly(isopentylethylene) , poly (1,1-dimethyltrimethylene) 
30 Poly(l,i,2-trimethyltrimethylene), poly(butyl acrylate),' 
poly(4-cyanobutyl acrylate), poly(2-ethylbutyl acrylate), 
poly(heptyl acrylate), poly(2-methylbutyl acrylate), 
poly(3-methylbutyl acrylate), poly(N-octadecylacrylamide) 
poly(octadecyl methacrylate) , poly (butoxyethy lene ) , 
35 poly [ l , l-bis (trif luoromethoxy) dif luoroethy lene ] , 
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poly(methoxyethylene) , -poly(pentyloxyethylene) , 
poly(l,l-dichloroethylene) , poly(cyclopentylacetoxyethylene) 
poly (4-[ (2 -butoxyethoxy) methyl] styrene) , 
poly (4-dodecylstyrene) , poly(4-tetradecylstyrene) , 
5 poly(phenetylmethylethylene), 
poly [oxy (ally loxymethyl) ethylene] , 

poly[oxy (ethoxymethyl) ethylene] , poly(oxyethylethylene) 
poly(oxytetramethylene), poly (oxytrime thy lene) , 
poly (oxycarbonylpentamethylene) , poly (oxycarbony 1-3- 
10 methylpentamethylene) , poly(oxycarbonyl-i,5- 
dlmethylpentamethylene) , poly(oxy-2,2,3,3,4 ,4- 
hexaf luoropentamethyleneoxyadipoyl) , poly t oxy (methyl) -3 3 3 - 

trif l UO ropropylsilylene-3 P 3-dif luoropentamethylene (methyl)' - 
3,3,3-trifluoropropylsilyiene], poly(siianes) and 
15 poly(silazanes), main-chain heterocyclic polymers and 
poly(furan tetracarboxylic acid diimides) as well as the 
classes of polymers to which they belong. 

The preferred golf ball compositions comprise one 
or more ionomer resins having a f lexural modulus of from 
20 about 50 psi to about 150,000 psi and a metallocene copolymer 
of an olefin having a f lexural modulus of from about 500 psi 
to 200,000 psi. m a most preferred embodiment of the 
present invention EXACT. 4033 is combined with iotek« 7030 or 
SDRLYN» 7940 to form combination blends suitable for use in 
25 golf ball centers and cover, core, and mantle layers. 

The amounts of polymers used in the golf ball 
compositions of the invention can vary from 1 to 100 phr of 
the metallocene polymers to 99 to 0 phr of other polymers or 
lonomers, preferably, 95 to 5 phr metallocene polymers and 5 
30 to 95 phr ionomer or other polymer. Most preferred is from 
about 95 to 30 phr metallocene polymer and from about 5 to 70 
phr of other polymer or ionomer. 

Further compositions may also be added to the 
compatible blends of the invention, such as, for example 
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coloring agents, reaction enhancers, crosslinking agents, 
dyes, lubricants, fillers, excipients, process aids and other 
compounds commonly added to polymeric materials and/or golf 
ball covers. 

5 The present invention relates to golf balls of any 

size. While dsga specifications limit the size of a 
competition golf ball to more than 1.68 inches (4.27 cm) in 
diameter, golf balls of any size can be used for leisure golf 
Play. The preferred diameter of the golf balls is from about 

10 1.68 inches to about 1.8 inches (4.57 cm). The more 

preferred diameter is from about 1.68 inches to about 1.76 
inches (4.47 cm), a diameter of from about 1.68 inches to 
about 1.74 inches (4.42 cm) is most preferred, however 
diameters anywhere in the range of from 1.7 to about 1.95 

15. inches (4.3 to 4.95 cm) can be used. Oversize golf balls 
above about 1.76 inches to golf balls having diameters as big 
2.75 inches (7 cm) are also within the scope of the present 
invention. 

Metallocene polymer blend layers may be produced in 
20 golf balls in accordance with the present invention by 
injection molding or compression molding a layer of 
metallocene polymer blend material about a previously formed 
center or core, cover, or mantle layer. Cores comprising a 
metallocene polymer blend may also be formed directly by 
25 injection molding or compression molding. When the layer or 
core is injection molded, a physical or chemical blowing or 
foaming agent may be included to produce a foamed layer. 
Blowing or foaming agents useful in forming foamed 
metallocene polymer blends include, but are not limited to 
30 organic blowing agents, such as azobisformamide; 
azobisisobutyroni.tr ile ; diazoaminobenzene ; 
N , N-dimethy 1-N , N-dinitroso terephthalamide ; 
N , N-dinitrosopentamethy lene-tetr amine ; 

benzenesulf onyl-hydraz ide ; benzene-1 , 3-disulf onyl hydrazide ; 
35 diphenylsulfon-3-3, disulfonyl hydrazide; 4,4«-oxybis benzene 
sulfonyl hydrazide; p-toluene sulfonyl semicarbizide; barium 
azodicarboxylate; butylamine nitrile; nitroureas; 
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trihydrazino triazine; phenyl-methyl-uranthan; 
p-sulfonhydrazide; peroxides; and inorganic blowing agents 
such as ammonium bicarbonate and sodium bicarbonate. A gas 
such as air, nitrogen, carbon dioxide, etc., can also be ' 
5 injected into the blend- during the injection molding process. 

In a further embodiment, foamed metallocene polymer 
blends may be formed by blending microspheres with the 
metallocene polymer blend either during or before the molding 
process. Polymeric, ceramic, metal, and glass microspheres 
10 are useful in the invention, and may be solid or hollow and 
fxlled or unfilled. Microspheres up to about 1000 
micrometers in diameter are useful in the metallocene polymer 
blends of the invention. 

For compression molded metallocene polymer blend 
15 layers, half-shells made by injection molding a metallocene 
polymer blend in a conventional half-shell mold or by 
compression molding commercially available sheets of foamed 
metallocene are used. The half-shells are placed about a 
previously formed center or core, cover, or mantle layer, and 
20 the assembly is introduced into a compression molding 

machine, and compression molded at about 250 to 400 »F. The 
molded balls are then cooled while still in the mold, and 
finally removed when the layer of metallocene polymer blend 
is hard enough to be handled without deforming. Additional 
25 core, mantle, and cover layers are then molded onto the 

previously molded layers, as needed, until a complete ball is 
formed. 

After the final cover layer of the ball has been 
molded, the ball undergoes various conventional finishing 

30 operations such as buffing, painting and stamping. 

Blending of the metallocene polymer and ionomer 
resins is accomplished in a conventional manner using 
conventipnal equipment. Good results have been obtained by 
mixing the metallocene polymer and ionomer resins in a solid, 

35 pelletized form and then placing the mix into a hopper which' 
is used to feed the heated barrel of the injection molding 
machine. Further mixing is accomplished by a screw in the 
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heated barrel. The infection molding machine is used either 
to malce preformed half-shells for compression molding or for 
molding f lovable metallocene polymer blend using a 
retractable-pin mold, such machines are conventional. 

Mv k» ***** ^ 0ther aSpeCtS ° f »" P re8e »t invention 
»ay be more fully understood by reference to the following 
examples . * 

~ 1 «f k !^ ile eXaBpleS ™ ««* to ^ illustrative 

of golf balls made according to the present invention, the 
10 present invention is not meant to be limited by the following 
examples. All parts are by weight unless otherwise specified 
Formulations containing the components IOTEK* 7030 
(a copolymer of ethylene and acrylic acid neutralized by zinc 

15 with 1-butene) and the compatibilizer ATX 320* were developed 
according to the present invention. 

Table 1 summarizes the physical properties of these 
components used in the blends. 



20 



rties ot various 
the blond* 




30 



Tensile strain a* break, % 
Tensile modulus, psi 



psi 



55D 

3500 
395 
NA 

16.000 



83 A 
1800 
>800 
1300 

3700 



as a 


68D 


84 A 


3000 


3800 


3100 


620 


285 


770 


720©30o% 


NA 


NA 


3300 


61000 


2800 



Tensile and flexural test samples are produced by 
infection molding of the formulations by following a standard 
35 operating procedure. The test samples are annealed in an air 
circulating oven at 140T for 24 hours, followed by 
conditioning at room temperature for seven days before 
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testing. Both tensile and flexural measurements were carried 
out by following ASTM D638 and D790 procedures, respectively. 

Golf ball covers are produced by injection molding 
by following a routine molding procedure, cores or mantle 
5 layers and cores measuring about 1.4 to 1.58 inch (3.5 to 4 
cm) diameter are used to make golf balls by compression 
molding of the cover composition about the core or mantle 
layer and core. 

After completion of the ball molding process, the 
10 balls are buffed, sand blasted and painted for evaluation 
Hardness, PGA compression, spin, velocity, shear resistance 
durability using a dual pendulum, ink and paint durability ' 
tests are performed on the finished balls. These results 
are shown in Table in. 

15 The tensile, flexural, hardness and flow properties of 

the blends based on IOTEK® 7030 and EXACT* 4033 are 
summarized in Table II. Properties from blends 1 and 2 were 
used as a control. Although Shore-D hardness and tensile 
modulus decreases as EXACT* 4033 level increases for blend 5 
20 tensile strength surprisingly was much higher than for blends 
2 through 4. Also, a significant increase in the percent 
strain at break value was obtained for blend 5. 

Blends of polymers including EXACT* 4033 and IOTEK* 7030 
ionomer, exhibit excellent properties when used in golf ball 
25 covers which is unexpected since EXACT* 4033 material is 
hydrophobic whereas IOTEK* 7030 is hydrophilic. Although 
Shore-D hardness decreases with increases in EXACT* 4033 
level in the blends, surprisingly both initial velocity and 
coefficient of restitution (COR) remain constant for blends 3 
30 through 5. See Table III. These results are unusual since 
xnitial velocity tends to decrease as hardness decreases. 



35 
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Table II: Comparison of various ohvainmi 



80 


70 


50 


10 


10 


10 


10 


20 


40 


5 


5 


5 



Iotck7030 
ATX 320 
Exact 4033 
White concentrate 

Physical Properties 
H»rdnemf (Shorc-D) 
Tensile strength at break, psi 
Tensile strain at break, % 
Tensile modulus, kpsi 
Rewind modulus, kpsi 
Melt flow index at 185° C, g/lQmin 



100 



90 
10 



Note: Tensile properties were measured from the ball 




covers. 



^ In general, in the golf ball art, durability decreases 

as the non-ionic olefin component increases in an ionomer 
blend. Also, as mentioned above, durability of blends of 
ionomers with a homopolymer such as polyethylene is poor 
(failed after 5 to 10 hits) due to incompatibility of these 
^ components. However, the present invention unexpectedly 
shows that it is possible to obtain improved durability for 
golf ball cover compositions containing EXACT® 4033 in 
various compositions. 

A significant increase in the spin rate from the driver 
and 5-iron was obtained for balls which contain blends of 
metallocene polymer and ionomers in the cover compositions 



35 
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Table in i comparison of various golf ban proportion 

friers b.,^ on tgtprfoV U «,A t S r ^^ 1 * S of 



10 



15 



Hftrdncn (Sbore-D) 
PGA c ompmjj on 
Spin nte from the driver, 

^ria nte fiom die 5-hoo v ipm 
Initial velocity, ft/i 

Coefficient of mtitutioa 

Duubffity it room temperature, # hia 
to 50% failure 



65 


60 


60 


57 


55 


104 


103 


102 


101 


100 


3264 


3254 


3404 


3526 


3885 


7653 


7807 


8100 


8197 


9103 


252.7 


252.7 


252.6 


252.6 


25X7 


0.802 


0.801 


0.799 


0.804 


0.800 


150 


"400 


200 


250 


400 
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More recently, a study was initiated to displace the low 
modulus Surlyn* 8320 ionomer by EXACT® 4033 in the blend 
formulations as described in Table IV; a blend 8 containing 
9.5 wt percent of ATX 320* was included in this study in 
order to find out whether the ATX 320* is necessary to achieve 
acceptable mechanical and ball properties. 

Tensile strength and percent strain at break increases 
for blends containing the EXACT* 4033 yet still has a higher 
tensile modulus than the low modulus SDRLYN® 8320 blend as 
indicated in Table IV. This behavior is unexpected. 



25 



30 



35 
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Table TVi Comparison of 
various physical propartiss of 
cover blends based on 

Purlyn 7»40» yjtn flnrlW' « a »e - ni j ^ ^u ^ 




15 



20 



Physical Properties 

Tensile strength at 
break*, psi 

Tensile strain at break*. 
% ' 

Tensile modulus *, kpsi 

* T t nsile Properties were measured from the Kan 
xnstead of molded specimens, 15311 



covers 



A significant increase in the spin rate from the driver 
xs indicated for the blends containing EXACT® 4033 in 
comparison to a blend containing the low modulus SDRLYN. 8320 
25 (see Table V). 

Further, initial velocity and coefficient of restitution 
results were found to be slightly better for blends 
containing an ionomer and an ethylene polymer such as those 
containing the EXACT* 4033 component than the low modulus 
30 SURLYN* 8320 component. 



35 
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Table Vt Comparison of 
various golf ball properties of 

blends based on Surlyn 7940 s 
With enrlvn* aaaa , nd 1m 




10 



15 



Hardness (Shore-D) 
PGA compression 
Spin rate from the driver, rpm 
Spin rate from me 5-iron, rpm 
Initial velocity, ft/sec 
Coefficient of restitution 
Durability at room temperature, 9 bits 
Number of balls failed after durability test 



20 



25 



30 



35 



It appears from the above study that the presence of ATX 
320» did not contribute to further improvements in the ball 
properties . 

In comparing balls with covers made from 52.4 weight 
percent Surlyn 7940/42.9 weight percent Surlyn 8320 to balls 
with covers in which the Surlyn 8320 was replaced by Exact 
4033 or by Exact 4033 with Pusabond MB-110D, 226D or 280D, 
the balls with Exact 4033 had both a higher spin rate and' 
better durability, as shown in Table VT. Thus, the 52.4 
weight percent Surlyn 7940/42.9 weight percent Surlyn 8320 
had a spin rate of 3362 rpm when hit by a driver/8657 rpm 
when hit by an 8-iron, while the 52.4 weight percent Surlyn 
7940/42.9 weight percent Exact 4033 had corresponding spin 
rates of 3619 and 9150 rpm. In the hit test at room 
temperature, cracking was observed after 650 hits for the 
Surlyn 7940/Surlyn 8320 blend, but only after 1000 hits for 
the Surlyn 7940/Exact 4033 blend. 
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Table VI: 



wHfc Emm* 4033, FUSABQND Myaaan 



For 



10 




Sufrn 7940 (15S Add 

Surrjn 8320 (15* Acid 

hn oaa w Na) 
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flew index 30) 
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<Bfc7kae-0.9wt. ft inaleie 
•nbydride nick flow index 1 S) 

(EPDMwiih 2% miktc anhydride 
mX5.0) 
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S^Raiefiom8.faQo 
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25 



The information in Table VII establishes that low 
modulus surlyn materials can be replaced by pollers 
discussed herein with little change in spin rate. 



30 



35 
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Table VH: 



met fHiMu-rrim 




While it is apparent that the invention disclosed 
herein is well calculated to fulfill the objects stated 
above, it will be appreciated that numerous modifications and 
20 embodiments may be devised by those skilled in the art. 

Therefore, it is intended that the appended claims cover all 
such modifications and embodiments as falling within the true 
spirit and scope of the present invention. 
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We claim: 

, m - A 9 ° lf 1,811 havin * one layer, the layer 

formed of a metallocene polymer blend, comprising from about 
S 1 to about 100 phr of at least one metallocene polymer and 
from about 99 to 0 phr of at least one ionomer. 

2. The golf ball according to claim 1, comprising 
a cover, wherein the layer forms at least a portion of the 

10 cover. 

3. The golf ball according to claim 2, wherein the 
layer has a foamed structure. 

15 4. The golf ball according to claim 2, wherein the 

layer has a Shore D hardness of from about 15 to about 80. 

5. The golf ball according to claim 2, wherein the 
layer has a thickness of from about 0.005 to about 0 125 

20 inch. 

6. The golf ball according to claim 1, comprising 
a core, wherein the layer forms at least a portion of the 
core. 



25 



7. The golf ball according to claim 6, wherein the 
core comprises a liquid center. 

8. The golf ball according to claim 6, wherein the 
30 layer has a foamed structure. 

9. The golf ball according to claim 6, wherein the 
layer has a Shore D hardness of from about 15 to about 80. 

35 
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10. The golf ball according to claim 6, wherein 

21 IT*, 9 dlameter ° £ fr ° M ab ° Ut 1 *° to i-«3 inch, 

and the layer has a thickness of from about 0.005 to about 
0.125 inch. 



5 



11. The golf ball according to claim 1, further 
comprising a cover and a core and a mantle situated between 
the cover and the core. 

" " * 90 " 1,311 accordin 9 to claim n, wherein 

the core comprises a liquid or solid center wrapped in 
elastomer ic windings. 

« «. , 13 • golf ball according to claim 11, wherein 

15 the layer forms at least a portion of the mantle. 

14. The golf ball according to claim 13, wherein 
the core has a diameter of from about 1 to about 1.63 inch 
the cover has a thickness of from about 0.005 to about 0.125 
20 inch and the mantle has a thickness of from about 0.005 to 
about 0.125 inch. 



i *** 9 ° lf M1 accordin 9 to cl *i» 13, wherein 

the layer has a foamed structure. 

25 

16. The golf ball according to claim 13, wherein 
the layer has a Shore D hardness of from about 15 to about 
80. 



17. The golf ball according to claim 1, wherein 
the metallocene polymer is chosen from the group consisting 
of polyethylene and copolymers of ethylene with butene, 
hexene, octene, and norbornene. 

35 
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the _ The 9 ° lf 1,811 ^cording to claim 1, wherein 

the metallocene polymer is of the formula: 



- c 



I 

c 



a -i 



x i— 



I 

c 



I 

c 



y 



r- ?B 



I 

0 



f 
c 



A J 



wherein 
10 R| is hydrogen; 

R, is hydrogen or lower alkyl selected from the group 
consisting of CH„ eft, c&, C A , and C*,,; 
R, is hydrogen or lower alkyl selected from the group 
consisting of CH 3/ eft, CH,, Q4H9, and C,H U ; 

L 1S c^ leC ^ fr ° m ^ C ° nSiStlng ° f »' CjH Jf CjB,, 

f 9 ' Wr,, C#», c 1oHm , and phenyl, in which 

from 0 to 5 H within * can be replaced by substituents 
selected from the group consisting of COOH, SO*, NH,, p C l 
Br I, OH, SH, silicone, lower alkyl esters and lower alkyl' 
ethers, with the proviso that R, and R, can be combined to 
form a bicyclic ring; 

R, is hydrogen, lower alkyl including q-c,, carbocyclic, 
aromatic or heterocyclic; 
^ *< is hydrogen, lower alkyl including C.-C,, carbocyclic, 
aromatic or heterocyclic; and 

wherein x ranges from 99 to 50 weight per cent of the 
Polymer, y ranges from l to 50 weight per cent of the polymer 
and 2 ranges from 0 to 49 weight per cent of the polymer. 

30 19 * ^ 9df ball according to claim 1, wherein 

the metallocene polymer has a f lexural modulus of from about 
500 psi to 200,000 psi, and the ionomer has a f lexural 
modulus of from about 50 psi to about 150,000 psi. 

35 
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20. The golf ball according to claim i, wherein 
the metallocene polymer blend has a foamed structure, and 
further wherein the metallocene polymer blend has a f lexural 
modulus of from about 1000 to about 150,000 psi 

5 

21. The golf ball according to claim l, further 
comprising a cover and a core, wherein the metallocene 
polymer blend has a foamed structure. 

10 22 ' The 9° lf according to claim 21, -wherein 

the layer forms at least a portion of the core, and the cover 
comprxses a density increasing filler material. 

23. The golf ball according to claim 21, wherein 
15 the layer forms at least a portion of the cover, and the core 

comprises a density increasing filler material. 

24. The golf ball according to claim 21, further 
comprising a mantle situated between the cover and the core 

20 wherein the layer forms at least a portion of the mantle, and 
either the cover or the core comprises a density increasing 
filler material. 



25. a golf ball comprising a cover and a core and 
25 a mantle situated between fhe cover and the core, wherein at 
least one of the cover, the core, and the mantle comprises at 
least one layer, the layer formed of a metallocene polymer 
blend, comprising from about 1 to about 100 phr of at least 
one metallocene polymer and from about 99 to o phr of at 
30 least one ionomer. 



26. The golf ball according to claim 25, wherein 
the layer has a foamed structure. 



35 
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27. The golf ball according to claim 25, wherein 
the metallocene polymer is chosen from the group consisting 
of copolymers of ethylene with butene, hexene, octene, and 
norbomene. 



28. The golf ball according to claim 25, wherein 
the metallocene polymer is of the formula: 



10 



- C 
A 



I 

c 



2 —i 
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L |1 
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it 



c — c -4 

y Li A J 2 



15 wherein 

Rj is hydrogen; 

R 2 is hydrogen or lower alkyl selected from the group 

consisting of ch,, Cft, c&„ c 4 H,, and Cfl ltf 

R 3 is hydrogen or lower alkyl selected from the group 

20 consisting of CH„ eft, CjH,, C4H9, and c# llf 

R* is selected from the group consisting of H, CH 3 , c,H s , c,H 7 , 
C 4 H,, CjH 11# Cjl„, c,H ls , C S H 17 , C,H 19 , c^,, and phenyl, in which ' 
from 0 to 5 H within R« can be replaced by substituents 

^ selected from the group consisting of COOH, SO^, NH,, P, ci, 
Br, I, OH, SH, silicone, lower alkyl esters and lower alkyl' 
ethers, with the proviso that R, and R, can be combined to 
form a bicyclic ring; 

R, is hydrogen, lower alkyl including C.-C,, carbocyclic, 
aromatic or heterocyclic; 
30 R. is hydrogen, lower alkyl including C.-C,, carbocyclic, 
aromatic or heterocyclic; and 

wherein x ranges from 99 to 50 weight per cent of the 
polymer, y ranges from 1 to 50 weight per cent of the polymer 
^ and z ranges from 0 to 49 weight per cent of the polymer. 
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